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           List of Freauently Used Symbols
             (Unless otheri"ise denoted)
diffusion ceefficient of species i
Faraday constant
height of mercury reservoir of dropping mercury electrode
instantaneous current
average current
polarographic average limiting current
polarographic average lirniting diffusion current
rate of flow of mercury out of capillary tip
number of electrons required for electro-reduction of
one molecule of depolarizer
$urface area of electrode
mean surface area of electrode
gas constant
absolute temperature
thickness of reaction layer
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                                             reported thatIn 1933, Heyrovsky, Smoler, and StastnF'
D-glucose was reduced at the dropping mercury electrode. This
observation was the first description of the poiarography of sugar.
The temperature coefficients of the !imiting current were about
10- te IS-times larger than those for diffusion-controlled currents.
Relatively heigh concentrations (ca. O.1M) were .required and the
limiting currents observed were low. Later in 1940 Cantor and
peniston2) carried out an extensive study on polarography of severai
sugars. It was believed that the aldehyde-forrn of the sugar was in
equilibriurn with a much larger amount of the ring form and that the
aldehyde-form alone was reducible so that only low iimiting current,
controlied by the rate of diffusion of this [orm to the drop surface,
eould be expeet. On the basis of this assumption the amount of the
aldehyde-form present in solutions of• several aldohexoses and
aldopentoses was determined by the polarographic method.
     However, sugino and Hayashi3) found that the wave-height of
D-glucose, D-mannese, and D-xylose increased with increasing pH of
the solution. This observation led them to suppose that the wave-
height is limited by the conversion veloeity of the nonredueible
                                                         4)ring form to the reducible aldehyde form. In 1947, VIiesner payed
his attention to the characteristics of the limiting current for
several aldoses and dernonstrated that the limiting current of such
                                                          .waves were tndependent of the height of the mercury reservoir.
Wtesner accordingly concluded tha: the limiting current was deterTnin-
 ed, not by the rate of diffusion of the al.dehyde-forrn to the mercury
drop, but by the rate of transformation of the ct-B-equilibrium mixture
 from the ring to the open-chain redueible form at the surface of the
 mercury drop. He showed that the equilÅ}brium concentration of the
 aldehyde-form was negligible. The values of the rate of this
                                                         4,S,6,7)
 transformation were estimated for several rnonosaccharides.
                                           8)
                                             found that the kineticIn later papers, WÅ}esner and cowerkers
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 current of freshly dissolved ct-D-glucose decreased with time to a
constant value, which was reached after several minutes. They
assumed the following mutarotation equilibrium to explain this
phenornenon: a-glucose i=l/lrl-i y SLIil=t2 3-glucose, where y denotes
the reducible free aldehyde-for-rn of glucose; and they determined
the rate constants, ki, k2, k-i, and ks2•
     On the other hand, the attempt to express the kinetics of
mutarotation reaction of sugars was made by many workers in the
                                       9,10)field of carbohydrate chemistry. Hudson
                                             forrnulated the
mutarotation reaction of sugars as a reversible reaction:
ct-form T-[kEct-'- 3 B-forrn and the velocity as dc/dt=I:or(a-x)-kB(x),
which, upon integration, becornes: .V.ct + ltB = 11t ln[Kal(Ka-(!+KÅrc)],
where (ka + kB) is the rnutarotation constant, and K = k[r./k3. The
mutarotation constant, (kor + kB), is the sum of the constants for
the two opposing reactions, and lcallcB is the equilibrium constant.
Lowryll) and Hudson9'10) pointed out and showed that the sarne vaiue
should be and was obtained for k(x + kB from the mutarotation measure-
rnents of the ct- and B-anomers. Hudson found the reaetion constant
to be tndependent of the concentration of sugar over a wide range,
and dependent on catalysis by both acids and bases.
     Br6nsted and Guggenheirn12'13) concluded that the rnutarotation
requires an acid catalyst and/or a base eata!yst and that amphoteric
solvents are complete catalysts for the process, whereas aprotic
solvents are not. They also showed that molecules of undissoeiated
acids, eations of weak bases, and ions of weak acids have eatalytic
properties. This coneept became to be known as generalized acid
and base catalysis. It was found that the rate of mutarotation of
a sugar in the presenee of a mixture of several catalysts may be
represented by an equation of the type: (kct + kB) = kH2o[H20] +
kHA,j[HAj] + kB,n[Bn], where the symbols in brackets represent the
concentrations (activittes) of the catalysts, and the coeffieients,
kHA,j and kB,n, represent the cataiytie aetivity of the acid and
base catalysts, respectively.
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     Numerous workers have examined the rate constants for the
                                                14,15,l6)mutarotation of sugars by the polarimetric rnethod.
                                                       A number
of other methods have also been used for following the mutarotation
reaction kinetically. These include changes of: volume, refractive
index, infrared absorption,17) calorimetric properties,18) pH,19,20)
                                       21)and gas-ltquid chromatographic behavior. Recently, nuelear
                                                 22)magnetie resonance measurements has also been used.
     On the basis of these observations, several mecbanisms for
                                                            15)
mutarotation of sugars in aqueous solution have been proposed.
It is relatively, well established that the mutaretation of a sugar
in aqueous solution involves transfer of a proton from an acid
catalyst to the sugar, and the transfer of another proton frorn the
sugar to a base catalyst. The reaction starts with attack on the
cyclic sugar by either an acid or a base catalyst, followed by a
slow rupture of the ring. In the resulting intermediate, reaction
of the hydroxyl group on C-5 of aldoses yields the anomeric aldo-
pyranoses. The sequence and the timing of the addition and elimi-
nation of the protons give rise to several reaction-paths.
     The specific mechanism of this reaction, however, has not been
                                                              19,20)
made sufficiently clear. Differences in the Å}onization constant
for oc- and B-anomer, and possible differences in the transition
states for the anomers, make detailed investigations of the individual
velocity constants, kcr and kB, desirable. The methods mentioned
above, however, ean be used largely to determine the overall velocity
constant, kct + lcB for the reversible reaction: a-pyranosetil B-
pyranese,
     On the contrary, by the use of polarography we can detect the
reducible intermediate, y. Thus, it becomes possible to determine
the individual velocity constants as shown first by Wiesner and his
coworkers.8) rn view of this advantage of the polarographic method,
the author's attention has been eoncentrated to the polarogrophic
behavior of sugar, especially ' in connection with the kinettcs of
mutarotation.
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In this thesis, a contribution of the author to the polaro~raphy
of monosaccharides has been summarized in five chapters. The first
chapter is concerned with detailed studies on the polarographic
behavior of a-B-equilibrated monosaccharides in basic buffer solutions.
In the second chapter, the equations, relating the polarographic
kinetic current with the rate constants of mutarotation are derived
and the rate constants for several monosaccharides are determined
by use of these equations. The third chapter deals with the acid-
base catalyzed mutarotation of D-xylose. In the fourth chapter, the
reaction mechanism of acid-base catalyzed mutarotation of mono-
saccharides is discussed. The last chapter describes the polaro-
graphic behavior of monosaccharides in an unbuffered aqueous solution
and its application to the determination of the mutarotation velocity.
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CHAPTER I. POLAROGRAPHIC BEHAVIOR OF a-S-EQUILIBRATED
MONOSACCHARIDES IN BASIC BUFFER SOLUTIONS
Many polarographic studies of a-8-equilibrated monosaccharides
have been . d 'neutral or b' 1 t' 1-7,23.24) bcarrle out ln aS1C so u 10ns, ut
not in acidic solutions. In acidic solutions, a polarographic wave
of monosaccharide cannot be observed because of the final ascending
of the residual current due to the reduction of hydrogen ion on the
dropping mercury electrode. A monosaccharide is stable in acidic or
neutral aqueous solutions at a room temperature; but in basic
solutions, it is unstable even under the mild conditions. Lobry de
Bruyn rearrangement, the fragmentation, and the other complicated
reactions may occur. 2S ) In addition, the carbonyl-amino reaction
may also occur in amine-buffered basic solutions.
In this chapter is described the electrochemical behavior of
D-glucose, o-galactose, and o-xylose, as studied by polarography and
controlled-potential electrolysis, especially in weakly basic
solutions.
EXPERIMENTAL
}~terials The D-glucose, D-galactose, and D-xylose of reagent
grade were purchased from Nakarai Chemical Company and used without
further purification. Ammonium chloride and potassium hydroxide
were used for preparing ammonia buffer solutions. Potassium chloride,
was used to adjust the ionic strength to any desired values (usually
0.5). All chemicals were reagent grade and used without further
purification.
Apparatus A Yanagimoto polaro-recorder, type PA-103, was used
fo~ all polarographic measurements. A Yanagimoto controlled-potential
-5-
 electrolyzer, type VE-3, was used for controlled-potential electro-
 lysis, Polarimetric measurements were carried out with a Yanagimoto
 pelarimeter, type OR•-20, PH values were measured with a Httachi Horiba
M-5 pH meter.
     The polarographic measurernents were made with an H-type cell;
it was connected with a saturated calomel electrode (SCE) by means
of an agar-gelatine bridge containing potassium chloride. The
capillary characteristies of the dropping mercury electrode (open
eircuit) at a mercury reservoir height of 62.5 cm were rn. = 1.S50 mg
   -1sec and T = 5.74 sec. Stock solutions of monosaccharides were
prepared with bidi$tilled water. Each experimental solution was
made up as follows; an aliquot of sugar solution was mixed with an
amrnonia buffer solution and diluted with water to make an electrolyte
solution of a desired eoncentration of the sugar and the buffer
component. Potasstum chloride was added, if necessary, to adjust the
ionic strength to a desired vaZue. An experimental solution was
freed of oxygen by passing a nitrogen stream through the solution.
The polarogram was recorded after the a--6-equilibriurn of the sugar
had been reaehed (10-IS rnins.). The nitrogen stream was passed over
the solution during the measurement. Experiments were usually
earried out in a water thermostat controlled at 25Å}O.050 C.
            RESULTS AND DISCUSSION
Stability of monosaccharide in weakly basic buffer solutions
The time dependence of the specifÅ}c rotation, pH, and the polarogram
of the sugar solution containing O.5M ammonia buffer (pH 9.50) was
              eexamined at 25 C. As shown in Table 1-1, no appreciable change in
specific rotation as well as pH of ct-B-equilibrated soluttons of
monosaeeharides was observed, at least within three hours at 250 C.
No appreciable change tn the polarogram was observed, either. These
results suggest that hydrolysis, earbonyl amino reaction, or any .
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other eomplicated
appreciable extent
As an example, the
shown in Fig, I-1.
reactions of monosaecharides will
 under the conditions used in the
 time dependence of the polarogram
not occur to any
present experlment.
 of D-glucose is
TABLE r-1
SOLUTXON
. TDtE DEPENDENCE OF [a]
                        +CONTAINXNG O.SM NH3-NH4
25
ID , PH, AND
        o
   AT 25 C
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The limiting current of the polarographic wave of monosaccharides
The reaction schemes (1-1) and (1-2) can be assumed for the reduction
of a-S-equilibrium mixture of monosaccharide: S)
Pyranose-form
y-form








where y represents the reducible int ermed ia t e . The limiting kinetic
current, i l , is then shown to be given by Eq.(1-3):
1/2 kfTi l "d 1.23 kb l / 2
(1-3)
under the dO' 26)con ltl0ns:
1(k f + kb) » 1, and P.b/kf » 1, (1-4)
1 is the drop time, i d the hypothetical diffusion current
by £d = 607nm2/ 3 11 / 6 Dl / 2 C , D the diffusion coefficient
sugar
of the sugar and C the total concentration of the sugar. Eq.
sugar
-(1-3) predicts that i l is proportional to the concentration of sugar
and independent of the height of mercury reservoir, h.
Effect of Sugar Concentration on Limiting Current: As shown
in Fig.I-2, the value of i l is directly proportional to the total
concentration of the sugar. The slope of this line reflects the
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Actually the values of this slope deerease in the order of D-xylose År
D-galactose År D-glucose and this order corresponds to that of the
mutarotation rates in aqueous soiution.i4)
     EJffeet oJ" Temtpe"ature: Fig.I-3 shows the dependence of i'1
on the temperature. All of these sugars show about the same
temperature coefficient (ca,10 7,), which is about ten times larger
than that of the diffusion controlled limiting current,
     E,'•Tect of t4epeu]r,y Rese?voir Height: The limiting current was
inclined to increase slightly with an increase in the height of the
mercury reservoir (Table I-2).
     TABLE I-2. DEPENDENCE OF THE LIMITING CURRENT,






















  il/id 4.0xlO -3       -21.4Å~10       -22.IxlO
D-glu.: O.30M , D-gal.: O.08M , and D--xyl.; O.06M
in the ammonia buffer (O.SM) of pH 9.50. Current
sensitivity: luAlcm.
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This result is not rigorously in accord with the prediction from
Eq.(1-3). Table 1-2 also shows that the ratio of the limiting
current to the hypothetical diffusion current, ;•'1!;'d, is very small
(lo'2 -- lo-3). These results suggest that the equilibrium concent-
ration of the inter:nediate, y, is very small in comparison with the
concentration of the pyranose form, but the reaction given by Eq.
(1-1) is slow, so that the condition, T(Zcf +1b) ÅrÅr 1, is not
neeessarily satisfied. This point will be discussed in Chapter II.
     Effect of PH and Bzzffer Coneentration: Fig. I-4 shows the
pH dependence of T'1 at a given buffer concentration. The value of
;'i increases exponentially with the pH. Table T-3 shows that the
     TABLE !--3. LIMITING CURRENT, -;1, VJITH VARIOUS BUFFER
                                                 e
     CONCENTRATIONS AT CONSTANT pH (8.84) AT 25 C
Concn.
     'ammonla












































Fig.I-3. Effect of temperature on the polarogratus of
O.S M amnonia buffer solution [(N{34+)/(NH3g
2: D-galactose 3: D-xylose. A: 35 C, B: 25 c
monosaccharide in
3/2]; 1: D-glucose,







Fig.r-4 Dependence of the limiting current on the
buffer concentration(O.5M ammonia buffer)
O: D•-galaetose(O.10M) e: D-xylose(O.04M) .
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pH at a constant
; O: D-glucose(O.30M)
 Tenp. 2SOc.
limiting current increases with increasing concentration of the
buffer component at a given plI. These results suggest that the
reaction given by Eq. (I-I) is catalyzed by the hydroxyl ion and by
the buffer components as well.
Identification of the reduction product Controlled-potential
Electrolysis of D-Glucose~ D-Calactose~ and D-Xylose in Basic
Solution: Sugino and Hayashi 3) have reported that D-glucose is
reduced to sorbitol in basic solutions (pH<lO), but at higher pH
value than 10 where D-fructose is produced from D-glucose, mannitol
in addition to sorbitol is produced by the electro-reduction of
o-glucose. In this study controlled-potential electrolysis of
monosaccharides was carried out at the mercury pool cathode with
50 mM sugar solution in an ammonia buffer solution (pi-! 9.5, W=0.5,
adjusted with KCl). The applied potential ~as -1.8 V VB. SCE for
all monosaccharides, at which potential the limiting current was
obtained. Five ml of the sugar solution was electrolyzed. The
cell arrangement for the electrolysis is shown in Fig. 1-5.
After about nine hours of electrolysis at -1.8 V VB. seE,
the kinetic wave of monosaccharides disappeared almost completely
(Fig.I-6). During the electrolysis, generation of bubbles was
observed on the mercury-cathode surface. These bubbles were also
observed in controlled-potential electrolysis of the buffer solution
in which no monosaccharide was contained. Accordingly these bubbles
may be attributed to the evolution of hydrogen, which may occur
parallel with the reduction of monosaccharide. Provided that the
number of electrons consumed per molecule of the monosaccharide is
2, calculation showed that about two-thirds of the total electricity
was consumed by the reduction of the monosaccharide and one third
by the reduction of hydrogen ion.
Paper-chromatography of Electrolyzed Product: Paper-
chromatography was carried out on Toyo filter paper No 51 A using
a solvent system containing butanol, ethanol, and water (4:1:4).
h d b k · d f 1 d' 27)T e spots were detecte y two ~n s 0 co our-pro uc~ng reagents;
-14-
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Fig.I-5 Cell arrangement for the controlled-potential electrolysis.
the first reagent(reagent I) was l "A KIin04 containing 2 "!. Na2C03,
by which sugar alcohol as well as sugar is yellow coloured. The
second reagent(reagent I!) was ani!ine hydrogen phthalate, by which
sugar is coloured, but sugar alcohol is not.
     D-glucose: D-glucose solutions before and after the electro-
!ysis were paper-chromatographed together with the authentic mannitol
and sorbitol. All of them gave each one spot of yellow colour by
reagent I. The electrolyzed solution gave an spot with the same Rf
value as that of the authentic sorbitol. A brownish colour was
developed for the D-glucose solution before the electrolysis by
reagent II, but did not for the electrolyzed solution and the
authentic sorbitol solution, These results indicate that the
electrolyzed product is sorbitol.
     D-galactose: D-galactose solutions befere and after the
eleetrolysis were paper-chromatographed together with the authentic
dulcitol. All of them gave each one spot of yellow coiour by reagent
I. The electrolyzed solutibn gave a spot with the same Rf value as
-IS-
Vott vs SCE
: Fig.!-6 ?olarograms of monosaccharides (1: D-xylose, 2:
and 3: D-glucose) before the electrolysis (A)
about nÅ}ne hours of electrolysts (B) at mercury





that of the authentic dulcito!. A brownish colour was developed only
for D-galactose solution before the electrolysis by reagent II.
These results indicate that the e!ectrolyzed product is dulcitol.
     D-xylose: D-xylose solution before and after the electrolysis
were paper-chromatographed tegether with the authentic xylotol. All
of them gave each one spot of yellow colour by reagent I. The
electrolyzed solution gave a spot with the same R7" value as that of
the authentic xylitol. A reddish colour was developed only for D-
xylose $olution be'kCore the electrolysis by reagent II. These results
indiaate that the electrolyzed product is xylitol.
                         SUFIPIARY
     The polarographic behavior of ct-B-equilibrated mixture of
D-glucose, D-galactose, and D-xylose were studied in an ammonia
buffer solution. Hydrolysis, carbonyl amino reaction, or any other
complicated reactions of these monosaccharides did not occur under
                                                                othe conditions used in the present experiment (pHÅq9.5, Temp. 25 CÅr.
     The dependence of the limiting current on the concentration of
monosaccharides, temperature, the height of mercury reservoir, the
pH, and the concentration of buffer eomponents was investigated.
The polarographic limiting current had the kinetic character, but it
was inclined to increase slightly with increasing height of the mereury
reservoir, The limitÅ}ng current depended on the concentration of the
buffer component as well as the pH of the experimental solution.
     From these results, it was Åëoncluded that the equilÅ}brium
eoncentration of the reducible intermediate is very small in comparison
wtth the eoncentration ef the pyranose forTn; and the reaction given by
Eq•(Z-1) is catalyzed by the buffer compopent as well as hydroxyl ion•
     The controlled-potential electrolysis of the monosaceharides
and the paper-chromatography of the eleetrolyzed solutions revealed
that D-glucose, D-galactose, .and D-xylose are reduced to sorbitol,
dulcitol, and xylitol, respectÅ}vely at the mercury cathode in weakly
basic solution.
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     CHAPTER II. DETERrvllNATION OF MUTAROTATION RATE CONSTANTS OF
     MONOSACCHARIDES BY THE POLAROGRAPHIC METHOD
     The mutarotation of reducing sugar in an aqueous solution is
ca:aiyzed by acids and bases.i5'i6) The measurements of the rnutaro-
                                                       28-37)
           22)tation velocity have been usually made by polarimetry,
                                                              NMR,
           20,21,38,39)and others, but the results are in rnost cases interpreted
in terms of the mutarotation ra:e constant, ko, defined by ko =
kct + kB, where the reaction Tnechanism is assumed to be as Eq.(2-1):
                       ka
     a-pyranose = B-pyranose (2-1)
                       kB
                               8)
     Los, Simpson, and Wiesner
                           hav  shown that, by the use of
the polarographic rnethod, four individual rate censtants, kl, k2,
k-1, and k.2, of the mutarotation assumed as in Eq.(2-2):
                     kl k-2
     ct-pyranose = y-forTn . B-pyranose (2-2)
                     k.1 k2
can be determined; where the intermediate y-form is assumed to be
an electroactive free aldehyde form, and the polarographic current
produeed by D-glucose is controlled by the kinetics of the formation
ef the y-form from a- and B-pyranose. Experimental study of the
isotope exchange of D-giucose c-i-i8ol4) aiso supports the idea
that the forrnation of aldehydrol form is negligible in mutarotation
kinetics.
     Los, Simpson, and Wiesner's method, however, cannot be applied
for the case of small values of the velocity eonstants. rn this
chapter, the author derives modified equations which can be applied
for the system with smaller values of the rate eonstants. The rate
constants of D-glucose, D-galactose, and D--xylose in neutral and
weakly basic buffer solutions are determined by use of the modified
equations.
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II-I. EXPRESSION FOR THE POLAROGRAPHIC CURRENT OF
MONOSACCHARIDES
According to Los, Simpson, and Wiesner S) the polarographic
limiting current, iI, of rronosaccharide when it is present in two
forms, e.q., a-pyranose and S-pyranose at the concentrations of
Ca and Cs' is given by:
'1,.1 (2-3)
Eg. (2-3) was first derived by assuming a reaction layer on the
electrode surface, the thickness of which was given by:
(2-4)
M.senda 26 ) has shown that Eg. (2-3) can be derived by a rigorous




while kl lk2 is not extremely different from unity. This is actually
the case with D-g1ucose in a phosphate buffer solution. B) A similar
40)
argument has also been advanced by Pa1dus and Koutecky.
As will be shown later in this chapter, however, the rate
constants for monosaccharides in basic buffer solutions are not
always so large as Eq.(2-S) holds. Accordingly, a modified equation
has to be used in analyzing the polarographic kinetic current of
monosaccharides in weakly basic buffer solutions.
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By close investigation of the rigorous mathematical solution
for the polaragraphic kinetic current reported by Koutecky and
Brdicka,4l) and by assuming the reaction layer given by Eq.(2-4),
we may derive a modified equation of the polarographic current.
The expression for the instantaneous limiting current, i(t),







at a stationary plane electrode has been given by:4l)
kft
r.11tkl/ 2 eH
(K_U l / 2
(2-8)
where C* is the sum of the concentrations of A and Ox; K kb/kf
and Z = kf + kb'
\~en K » 1, and It is in the order of unity or less, so that
(~ft/~)1/2 = (Zt)1/2/ K, K exp(-Zt) » 1, erfc«Z~)l/2/K) = 1, and





Vl / 2C* Zl/2 Dl / 2C*
------ + exp(-Zt)x
K K(nt)l/2
(nlt)1/2 exp(Zt) erfc(lt)1/2) (2-9)
-
Accordingly, the mean limiting current, iI' at the dropping mercury




= -"- j nFa Dl / 2C*Zl/2 +--"- jnEo .,..1/21'*dt !.-' '"'"1 _;~(T,t)1/2T . Y. T .
0 0
x exp (-U) [ 1 - (nZt)1/2 exp(lt)erfc(Zt)1/2 ] dt (2-10)
The second term on the right hand side of Eq.(2-10) will be given
in the first approximation for a smaller value of IT by:
T
1 5 Dl / 2C*[- nFo ----::--7~ dt -
T . K(nt) 1/2
o
T
1 S Dl / 2C* Zl/2 1/2
- T nFq --- exp (It) erfc (Z.t) dt]
o K
(2-11)
42) 43)Furthermore, according to ~~tsuda or Koutecky, the second
term in the brackets on the right-hand side of Eq.(2-1l) should be
- -1/2
replaced by (id/KY(1+l.13(lT) ) for the case of the dropping
-
mercury electrode. Thus, the mean current, iI' at the dropping
mercury electrode may be given by:
(IT)1/2 + ~d l-exp(-lt)i l = 0.81 i d
K K IT
1
( 1 - )
1. 13(lt)-1/2+1
(2-12)
where i d is the diffusion current given by I1kovic equation with
the total bulk concentration, C*.
If we proceed with the reaction scheme (2-2), Ka + K~ and
k_l + k_ 2 should be substituted for ~ and l, respectively. 6)
In conclusion, we obtain Eq.(2-13):
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     I•i . o.si ['(J"-i + iC-2) ]i!2 T.d + E'ld i-exp[-T(k.-i+ k2)]
                   Ka +KB Ua + -Y'B T(k`-1 + k-2)
                       1
      x( 1-                               ). ip. + 't
                                    (2-13)
                               -1/2
                                              corr
             1.13 (T (lc.1 + k-2)) +1
with
                              1/2
      i•k . o.sl [T (le •-1 + k- 2)] i•d (2-14)
                    psa + KB
      . i'd 1- exp[-T(k-1+k-2)] 1
      ZCO?r = Kct+KB T(k-1+k-2) ( 1 - 1.13(T(k-1+k-2))t!12+1)
                                                         (2-IS)
      Z=d =K(Cor+CB) K: Ilkovic constant (2-16)
under the following eonditions:
                    1/2
     [T (k-1 + k-2) ] 1( Xa + 7-B )"1 (2-17)
and
                                                         (2-18)
     Xor ÅrÅr 1, KB ÅrÅr1
     The first term on the right-hand side of Eq.(2-13), T'k,
corresponds to T' 1 in Eq.(2-3), and the second term, ircor?t is the
eorrection term. !t ean easily be seen that 71 in Eq.(2-13) is
reduced to z'-' k when T(k-1 + k-2) ÅrÅr 1, whereas il is reduced to Td/
(Uct +KB) when T(k-1 + k-2) becomes zero. These are quite reasonable
                                           44)conclusions. Reeently Nishihara and Matsuda
                                             h ve carried out
more rigorous mathernatical analysis of the prob!em by use of an
electronic computer. Prelitninary examination showed that the errors
resulted frem using Eqs.(2-13) to (2-l6) did not exceed 8 Z for
                                -22-
1    112
       Åq 2 under the conditions (2-17) and (2-18).(Tlf.)
     As the mutarotation takes place in the bulk of the solution, the
bulk concentrations of u- and 3-pyranose, Cor and CB, chang"e with
time. For example, if we dissolve a--pyranose form in a solution at
g:'::.g.:.2'.ig,d::ge:g:i.g'l;2 gl::E,g:giga,s cB increases, in
     Cct = (Cct)t-,. (1+K exp(-k.t) ) (2-19)
     CB= (CB)t.., (1- eXP (tkv t) ) (2-'20)
where; kk +k k
           1-2 -12
     k-                                                       (2-21)
      O k +k
             -1      -2
          (CB)t.oo KB
                  = (2-22)      K=
          (Cor)t-,,. Kct
and:
      Ca + CB = Ctotaz= (Ca)t=o' (2-23)
Here the eoncentration of intermediate y-fonn is assumed to be
negligibly small• Thus, the polarographic current which is given
by Eq.(2-3) or Eq.(2-13), ehanges with time. The combination of
Eqs.(2-19) to (2-23) with Eq,(2-13) to analyze the polarographic
current, that was recorded as a funetion of the time, makes it
possible to eompute the four rate constants, kl, k2, k-1, and k-2,
in Eq.(2-2). '
     lf we dissolve B-pyranose in a selution at time t = O, sÅ}milar
equations to Eqs.(2-19) to (2-23) can be obtained, tn which the
subscripts or and B should be replaced by B and ct, respectively.
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      II-2. DETERMINATION OF MUTAROTATION RATE CONSTANTS OF
     MONOSACCHARIDES
     The mutarotation rate eonstants, kl, k2, k-1, and k.-2, have
been deter"mtned only for the case of a-D-glucose in a neutral
                          8)phosphate buffer solution.
                              In this study the author have extended
the measurement over several rnonosaccharides and applied the modified
equatÅ}ons to deterTnine the Å}ndividual rate constants of mutarotatton
in neutral and basic buffer solutions. Polarographic behavior of
                                         7)B- D-glucose has been studied by Tsukamoto,
                                            but his approach is
rather different from the present one.
                           EXPERIMENTAL
                                    25
     Materials The a-D-glucose ([ct]                                 + 112) and e-D-glucose
                                    D
    25([C)L]
       + 24) were gift from Tokai Togyo Co. Ltd• The ct'-D-galactose
    D
                                   2525
       + 150) and B-D-galactose ([or]
                              + 53) were recrystallized([OL]
from hot ethanol and eold ethanol, respectively. The or-D-xylose was
                              2S
                    46)recrystallized frorn water ([ct]
                                + 94),
                        Values of the specifie
                              D
rotation of these rnonosaccharides, except B-D-glucose, were identi-
                        25)cal with reported values.
                          Th  sample of :--D-glucose had contained
6 Z of ct-fomn (calculated frorn the data of the specifie rotation.25)).
All the other chemicals (reagent grade) were obtained commercially.
The buffer eomponents were NaH.2P04-Na2HP04 and NH3-NH4Cl. Potassium
chloride was used to adjust the iontc strength (usually O.S).
     Apparatus Polaro-reeorder, polarimeter and pH meter used were
described in Chapter I. An electrolysis cell (20 ml in capacity)
was used; it was connected to SCE by means of an agar-gelatine bridge
containSng potassium chloride. All expertments were Åëarried out in
a water thermostat controlled at 25eÅ}O.OsOc.
     Methods A supporting electrolyte solution (IS ml) of desÅ}red
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corrmiposition was freed of oxygen by passing a nitrogen strearn through
the solution. First, the residual current was recorded by means of
the polarograph. Seeond, after the potential of the dropping mercury
electrode had been set at -1.75 V vs. SCE, a weighed amount of
ct-pyranose or B-pyranose was dissolved in the deoxygenated electro-
lyte solutÅ}on and the passing oF the nitrogen stream through the
solution was continued for abeut 30 seconds to complete the dis-
solution of the monosaccharide. Then, the current intensity at -1.75
V vs, SCE was recorded as a functton of the tiine.
     The recording oF the current was continued until the current
intensity reached a eonstant value. The nitrogen stream was passed
over the solution during the measurement, Finally, after the
mutarotation equilibrium had been reached, a whole polarographic
wave of the monesaecharide was recorded. Tbe current intensity was
corrected for the residual current.
                      RESULTS AND DISCUSSION
     I,then a-pyranose was dissolved in the electrolyte buffer solution
the polarographic limiting current decreased with time. V.IhUe the
limiting current increased with tUne when B-pyranose was dissolved.
These results suggest that the conversion velocity of ct-pyranose to
y-form is larger than that of B-pyranose to y-form. After the
equilibrium had been reaehed, the value of the limiting current
attained with ct-pyranese agreed wtth that attained with B-pyranose
within experirnental errors. As a typical example, FÅ}g. II-1 shows
the time dependence ef the !imiting current of S-D--galactose in O.IM
amnonia buffer solution of pH 9.ILI; the time dependence of the
limiting current of ct-D-galctose in the same buffer solution is
shown tn Fig.II--2. Guggenheim plot of the "tl - t relationship gave
a straight ltne. The slope of this line gives the overall mutaro-
tation rate constant, ko, defined by Eq.(2-21). An example of this
plot is shown in Fig.II-3.
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     The individual rate constants, ;tl, k•2, 2' -1, and P.-2, were
computed by applying the theoretical equatiofis derived above. In
applying Eqs.(2-13) to (2-l5) and (2-4), a successive approximatien
was carried out by use of an electronic computer, FACO}{ 230-60
is'zi2,:",sxe,r2isyls.-Eh:,liÅíEs,t2".,2o,egf. ]'g.i::t.-6 E-th,wzz.eis;:pld,Eo
                                               45)
                      -6 2 -1
                                                   and the equilibrium
                         cm sec for D-xylose,galaetose, and 6.50xlO
constant .Y. (defined by Eq.(2-22)) was assumed to be 1,74 for D-glucose,
                                            14)2.38 for D-galaetose, and 1.87 for D-xylose.
     Table Il-l shows the values of the rate eonstants determined by
analysing the time dependence of the polarographic limiting currents
observed when ct-pyranose or B-pyranose was dissolved. As expected
from the reaetion scheme (2-2), the value$ of the rate constants
determined separately from the tirne course u- to B-pyranose and B-
to a-pyranose were coincident withtn the experimental error. Note
that the values of the rate constants for D-galactose rnay contain
an error of a few percent because of the existence of the furanose
                       47)forTn of a few percent.
TABLE rl-1. THE OVERALL AND ItsDIVTDUAL MUTAROTA:ON RATE CONSTANTS
                                                oDETERIvtlNED FROÅr1 or-PYRANOSE AND B-PYR.ANO$E AT 2S C
sugar 9Xgell[tPii:eg.Er.O,Ill ,f k.xio3 klxlo3 k2xlo3
(sec-1)
k




































(O.10M ammonia buffer pH 8.l2)
...oa.
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Table II-2 shos-is the values of the overall rate constant and the
individual rate constants for D-glueose, D-galactose, and D-xylose.
In both the neutra! phosphate and the basic ammonia buffer solutions,
the values of ko and the for'ward rate constants, kl and k2, increased
in the order of D-glucose Åq D-galactose Åq D-xylose. This order is
in agreernent with the increasing order of the overall mutarotation
rate constants of these sugars measured in water by the polarimetrie
method.14) Backward rate eonstants, k.tl and -V..2, increased in the
order of D-galactose Åq D-xylose Åq D-glucose. The ratio of the
concentration of the intermediate y-for"rn to the concentration of the
pyranose form, R, was ca!culated aecording to the relationship:
              C. klk2
          ( Cor + CB ) K.lk2 +111 -2
TABLE II-2. THE OVERALL AND THE !tsDIVIDUAL bfUTARO[[ATION RATE
                                 oCONSTANTS OF )IONOSACCHARrDES AT 25 C
       Concn. ofSugar
       buffer and pH
     3
  xlO1
 o








  pH 6.99





















  pH 8.60


















As shown in Table II-3, the values of .; increased in the order of
D-glucose Åq D-xylose Åq D--galactose. In the ammonia buffer solution,
R for each monsaccharide was about ten tÅ}mes larger than that in the
phosphate buffer solution. In addition, .? for each monosaccharide
depended slightly on the concentration of the buffer component. The
data in Table II-3 are the averaged values of the results in several
buffer concentrations. A similar dependence of R on the buffer
concentration has also been reported by previous workers for the
                                                   8)case of ct-D--glucose in the phosphate buffer solution.
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                        SUMMA RY
I'!iesner's equations, relating the kinetic current with four
constants of the equation:
                 kl k-2a-pyranose = y-form = B-pyranose,
                 k-1 . k2
modified so that the equation can be applied for the case of the
                           -31-
smaller values of the rate constants, where tlatsuda-Floutecky's
equation of the kinetic eurrent cannot exactly be applied.
     By use of these modified equations, the individual rate eonstants
and the overall rate constant were calculated for a- and B-D-glucose,
ct- and B-D-galactose, and a-D-xylose in neutral phosphate and basic
armonia buffer solutions. .
     The ratio of the eoncentration of the inter"mediate y-fonn to
the coneentration of the pyranose form was caleulated.
-32-
CHAPTER III. ACID-BASE CATALYZED MUTAROTATION OF ~-u-XYLOSE
The mutarotation reaction of monosaccharides is one of the most
typical examples of the general acid-base catalytic reaction. lS ,l6)
However, the mechanism of this reaction has not been made sufficiently
clear. One of the reaSons of this ambiguity is that all of the
methods, except polarography, can be used to determine only the
overall rate constant, ~o' of the mutarotation assumed as:
ka
a-pvranose ~ B-pvranose. On the other hand, we can detect the
" k8-
reducible intermediate y-form of the mutarotation reaction by the
polarographic method. Thus, it becomes possible to calculate the
6-pyranose is assumed (Chapter II).y-form
individual mutarotation rate constants, where the reaction scheme:
1<-2
-y;-
It is shown in Chapter II that the overall and individual rate
a-pyranose
constants of monosaccharides depend on the buffer components of
the experimental solutions. This dependence of the rate constants
on the buffer component is important in elucidating the reaction
mechanism of the acid-base catalyzed mutarotaion. This chapter is
concerned with detailed studies on the effect of the various buffer
components on the rate constants of mutarotation of a-D-xylose.
The temperature effects on the reaction are also described.
EXPERIMENTAL
Materials The a-D-xylose was used because of the simpleness
of its structure and the easiness of its purification. It was
recrystallized as described in the previous chapter. All other
chemicals (reagent grade) were obtained commercially·. Solutions
were prepared with bidistilled water. The buffer components were
NaHZP04-NazHP04, NH3-NH4Cl, Trys(hydroxymethyl)amino methane (TRIS),
-33-
Trys(hydroxyrnethyl) methyl glicÅ}ne (TP.rCIN), and NN'-bis(2-hydroxy-
ethyl) glieine (BICIN). Potassium chloride was used to adjust the
tonic strength to desired values.
     Apparatus and r!ethods Apparatus, procedures for polarographic
rneasurements and the eomputation method of individual rate constants
of the mutarotation reaction given by Eq,(2-2) were the same as
described tn Chapter II. For studying the temperature effects,
the measurements were earried out in phosphate buffers at 20e c,
25 C, and 30 CÅ}O.05 C.
                              P,ESULTS
    General polarographic behavior of D-xylose The general
polarographic behavior of the a-B-equilibrated mixture of D-xylose
in an ammonia buffer solution ts discussed in Chapter I. A few
examples of the experÅ}mental results on the dependence of the
Zimiting current, i'1, on the height of the mercury reservoir, h,
are shown in Table rll-l. The limiting current was inclined to
increase slightly with the increasing height of the mercury
reservoÅ}r. An analysis of the current-time (i•-t) curve for a single
drop (Fig.IIr-1) has shown that the slope of log i vs. Iog t plot
is 1.813, which is slightly smaller than the theoretical value, 213,
whieh is expected for a purely kinetic current defined by Eq.(2-3).
These results support the idea that the correetion terM, I' eor,r, in
Eq. (2-13) should not be neglected in interpreting the kinetic
current produced by D-xylose.
     The !imiting current is proportional to the D-xylose concentra-
tion in various supporting electrolyte solutions, as is shown by
Curves A, B, and D, in Fig. III-2, but at a very low concentration
of the buffer component a deviation from the linearÅ}ty was observed,
as is exemplified by Curve C in Fig.IIr-2. As described in Chapterl,
in the basic solution the limiting eurrent increased exponentially
                                 -34-
TABLE III-1. DEPENDENCE OF THE LIMITING CURRENT, zl, ON THE




 O.OS ,t , pH 6.99
   TRIS buffer
O.05M, pH 8.04
  TRIS buffer


















D-Xylose: O.066M, Current sensitivity: O.4uA!cm
with the pH; and the limiting current decreased with a decrease in
the concentration of the buffer Åëomponent at a given pH. On the
contrary, in the neutral phosphate buffer solution, the limiting
current first decreased with a decrease in the concentration of the
buffer component, but at a !ower concentration (O.OOS M) it began
to increase and finally reached an unusually large value in an un-
buffered solution. A typical example is shown in Table III-2.
The last result might be explained by the autocatalytic effect of
hydroxyl ion produced in company vJith the electroreduction of D-
xylose at the electrode surface. A similar phenomenon has been
reported by Brdicka and coworkers48'49) for the eiectro-reductton of
formaldehyde at the dropping mereury eleetrode in an unbuffered
solution. The polarographic behavior of monosaccharides in unbuffered
solutions will be discussed in Chapter V.
     Determination of rnutarotaion rate constants of a--D-xylose
The composition and pH's of the buffer solution in whieh
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TABLE rrl-3. BUFFER SOLUT1ONS






    2--HP04
(CH20H)3--C"H
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Instantaneous current vs. tune
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       O.Os O.10 O.15' O.20
      Concentratien of D-xy[ose (M)
  ., ,-Re,s".gg".th:.i:iyp.iggg.cxE'xris.::•g g:;,:o.nse.e6,.,
  B:TRIS buffer O.020M , pH 8.2S, C:Phosphate buffer
   pH 6.9. 9, D:Phosphate buffer O.070M , pH 6.12.
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 These conditions have been selected to avoid complexities arising
 from too high a basicity or too low a buffer concentration, as has
been described above. Too high a concentration of buffer components
 resulted in an increase in the final ascending of the base current
 and made aecurate measurement of the Zimiting current difficult.
     The analyzing procedure of the experimental results has been
deseribed in the previous chapter. Examples of the four individual
rate constants and the overall rate constant defined by Eqs.(2-2)
and (2-21), are shown in Table III-4. The backward or ring-closing
rate constants, k-1, and k-2, which could be deterrnined in general
only with a poor precision, were not always a linear function of
the concentrations of buffer compenents. Accordingly, a detailed
analysis of the rate constants was made with the forward or ring-
opening rate constants, kl, and k2, and the overall rate constant,
ko'
     At a constant pH, the rate constants, ko, kl, and k2, increased
linearly to the buffer concentration. Results are shown in Fig.
Ill--3 to IIT-7. Generally, the rate constant of a catalyzed reaction
                            16)can be expressed as follows:
     ki = ki,. + kÅ},oH(OH ) + ki,A(A) + ki,B(BJ (3-1)
                                   i= o, 1, and 2,
where ki,w represents the catalytie constant of the solvent molecule
(water in this ease), ki,oH, ki,A, and ki,B the catalytic coefficients
of the catalysts Å}ndicated by the subscripts, and the symbols in
brackets the eoncentrations (activities) of the cata!ysts, OH , A,
and B, being the hydroxyl ion, acid and base of buffer compenents.
In this expression, the concentration of hydrogen ion is neglected
because the measurements were made in neutTal or basic solutions.
The eontribution of the D-xylose anion is alse neglected. The
stgnificance of this last approximation wi!1 be diseussed later.
-38-
TABLE III-4. THE OVERALL AND THE INDIVIDUAL RATE CONSTAb"TTTS OF
                                                             o
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      -13.7xiO
3.2xlo-1
deR: The ratio of the concentration of the reducible intermediate
 y-form to the concentration of the pyranose form.
     EThen the rate constant is plotted against the sum of the
concentrations of the buffer components, Cbuff = (A) + (B), at a
given pH, a straight line will be obtained; the slope of this line
iS (P-i,A + Pvi,B)l(1 + ru),N being (A)/(B), and the intercept on the
k•i'axis is ki,w + ki,oH(oH-). A plot of this intercept against (OH )
will give a straight line, from which ki,oH (slope) and ki,w
(intercept) can be obtained. Fig.11r-3 shows a plot of ki VS• Cbuff
for phosphate buffer solutions of pH 6.12, 6.59, and 6.99, Three
straight lines with different slopes are obtained, but theÅ}r
intercepts on the ki-axis coincide within the li.mits of experimental
error. These results suggest that ki,oH (OF.- ) is negligible in
comparison with ki,w in such neutra! soiutions. Fig.III-4 shows the
Same plot for the TRIS buffer; straight lines with different slopes
and different intereepts on the ki-axis are given for each so!ution
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at a given pl!. Similar results were obtained for all the other basic
buffers (Fig.III-5-7). The intereept values thus obtained from the
ki VS• Cbu.fTf curves are plotted against (OH ) in Fig.III-8, In
accordance with theoretical constderations, all the data are dis-
tributed along the regression line, from which ki,. and ki,oH for
individual as well as overall reaction rate are determined. The
k. value obtatned in this way was in good agreement with those
 leWobtained from the intercepts in Fig.ul-3 (e.g. ko,w = 1.3xlo-3sec'1
from FÅ}g.rrl-s and ko,w = l,4xlo'3sec'1 from Fig.III-3).
     Fig.In-9 shows a plot of ki - (ki,w + ki,oF.(OH )) against (B)
for the TRIS buffer. A straight ltne with a slope of ki,B + IVki,A
ean be expected from each for a given N. As may be seen from the
figure, however, all the points lie on a single straight line
irrespective of the value of IV. This result suggests that ki,R ÅrÅr
IVki,A i•e•, ki,A is neligibly small eompared with ki,B for the
buffer components examined. Similar results were obtained for all
the other basic buffers examined (Fig.IZT-10-12).
                            DISCUSSION
     Effect of buffer comoonent on the mutarotaion rates of
ct-D-xylose The values of the catalytic rate eoefficients are
smmarized in Table IZI-S. The coefficients, 'Åqi,B's for B = TR!S,
TRrCIN, and B!CIN are those for the base cornponents of the amine
buffers. The water molecule is both an acid and a base, but fer
the mutarotaion of D-glucose in a neutral solution, the basic
                                                                 15)
eatalytic funetion is supposed to predominate over the acid one.
For the mutarotaion of D-xylose, the same argument is justified on
                                                       2- -the basis of the Br6nsted plot (Fig.III-13). The Hl?Pz
                                                       and
                     H2P04
ions are also bifunctional, but in a neutral buffer solution the
former ion functions as a base, and the latter as an acid. According-
ly, their eatalytic activities as ebserved in a neutral solution,
                                           2-should in the fi:st place be basic for HPO
                                          nd acidic
                                           4
                                 .. 4 O-
xio'3
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 of TRISbuff. (M)
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.
for H2P04 • It may be seen in Table II!-S that, except the rate
coefficients for H2P04 , the rate coeffcients, kl,B, is a!ways
larger than the rate coeffieients, k2,B where B is a base catalyst.
In Fig.III-13, log kl,B and log k2,B are polt:ed against the pKA
value of the base catalyst, B. The rate coefficients for the water
molecule, assumed to be a base cayalyst, were calcu!ated by means of
                                                15)ki,w/55.6M and plotted agglnst pKA = -log 55.6.
                                                 The rate
coefficients for H20, HP04'  , NH3 and OH-  are on a straight line
with a slope of O.42. The value of this slope seems reasonable in
view of the value, O.40 or O.34, observed for the overall mutarota-
                                 15)
                                      The rate coefficients for thetton rate constants of D-g!ucose,
base components of TRIS, TRICIN, and BICIN are smaller than the
theoretical values expected from the BrUnsted plot and their pK's
and becorne smaller with an increase in their molecular size.
These results should be attributed to the steric hindrance effect
in the catalytic mutarotaion reaction.3i'33) smith 50) and Los and
       19,20)
              have pointed out that the catalytie effect caused bySirnpson
the sugar anion should generally be included. Aceordtng to these
authors, the rate coefficÅ}ent for (OH ) in Eq.(3-1) should be
rewrltten as:
     ki,oH = k'i,oH + ki,xyi(XYi) Xxyi/Kw
                      are the true rate coefficients for OH and thewhere k'
          and k
                i,xylOH
xylosate anion respectively, (xyl) the concentration of D-xylose,
kig,i,: .i9I•:i'i'itll t.2.e.Sl•g:?Sg:5'.O.: ::".Sl•g::•.Oi.g::.:YiiSg.E-."..
Applying the Br5nsted rule (Fig.III-13) to D-xylose, one obtains
i:•fXk,=,l?.il2.-l,:,- k,,:: :hg,'i2ge:t.S:ee:kl2n,t?.g i;:].w,..a:,2i96M •
                       Accordingly, the effect by the xylosate anion8 7. or less of k
                1,OH'
may be considered to be of sec6ndary significance in the present
Case• In rea!ity, any appreeiable experimental indication such as










                     pKA
Br5nsted plot for mutarotation of D-xylose. 1: H20,
2: Flpo42-
, 3: OH-  4: NH3, S: (CH20H)3-CNHCP2COO ,
6: (CH20H)3--CNH.2, 7: (C2H40H)2-NCH2COO-.
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TABLE III-5. THE OVERALL AtsTD THE FORVIARD RATE COEFFICIENTS
                                                  o
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                                                     -3 -1
                     obtained by polarimetry is 1.3xlO sec ,a) The value of k
                 opw
a nonltnear dependence of the polarographic current on (xyl) was not
found of the significant contribution of xylosate anion to catalysis•
     The ratio, R, of the coneentration of y-form to the concentra-
tion of the pyranose form is given in Table I:I-4. This value was
found to change slightly with the change in the buffer concentration:
for example, R for TRIS buffer changed O.22 "L to O,40 Z with the
change in the buffer concentration from O.20 to O,02M, while R for
phosphate buffer ehanged from O.023 to O.038 Z with the change in
the buffer concentration from O.10 to O.03M. Similar upward trend
of R with a decrease in the buffer concentration has also been
                            8)
                              .Relatively large difference betweenreported by previous authors.
-PL values obtained from the phosphate buffer and the amine buffers
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should also be noted. These results suggest a further complicated
structure of the intermediate forrn in the reaction Tnechanism of the
rnutarotation of rnonosaccharides.
     Activation energy of the mutarotation reaction of ct-D-xylose
The activation free energy, AG" , the activation enthalpy, AHk, and
the activation entropy, AS- , b;ere calculated with the aid of the
Eyring's equation
     k # KkbhT exp(-AG'`!RT) (3-2)
where K represents the transfer coefficient and k. the Plank's
                                                            tsconstant, and kb the Boltzmann's constant. The value of AE
determined frorn the Arrhenius plot was revealed to be nearly equal
to A}!;::' value. The results are shovn in Table III--6 and III-7.
Frorn Table IIT-6, it can be seen that the difference of the catalytic
effect between phosphate anion and water molecule is mainly due to
the difference in the entropy term between these two species.
Table III-7 shows that the difference of the enthalpy AH, between
                                               -1
                                                 . The differencepyranose form and y-form is about 10 K al. mol
in entropy term between forward (ct- or F-pyranose form to y-form)
reaction and the baekward (y-forTn to ct- or e-pyranose form)
reactton is about 20 e.u. This permit to suppose that the entropy
of "y--form" is larger than those of or- and B-pyranose. These resu!ts
suggest a reaction mechanism containing several aeyclic interrnediates,
                               SUMMARY
     The polarographic behavior of a-D-xylose in several buffer
solutions was investigated. The individual and the overall rate
constants of the mutarotaion of ct-D-xylose in various buffer solutionSr
were deterrnined. The overall and the forward rate constants, were
analyzed as a linear function of the buffer concentration.
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TABLEIII-6 . ACTIVATIObC

















































It was revealed that the catalytie effects of the buffer salts
are mainly due to their basic components for all the buffer salts
investigated. The BrbLnsted plots of kl and P.2 for all the basic
components gave straight lines with the sarne slope of O.42. The
rate constants for several amines deviated from the s!ope; thts
deviation was ascribed to the steric hindrance caused by the large
molecular sizes.
     The activation free energies, enthalpies, and entropies of the
:nutarotatiou of a-D-xylose in a neutral phosphate buffer solution
were determined.
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are linear function of the concentration of the base components.
These results are in good agreement with the accepted concept of the
general acid-base catalysis. Accordingly, a possible mechanism will
be53 )
K k
or 8I SH + B >" SHB a ..... y
"
the velocity; v k 8(SHB) k 8 (B)(SH)/(a or a or
K == (SHB)/(B)(SH)
kl == kaK(B)
k2 == k8K(B) (4-1)
where SH represents a-pyranose form or 8-pyranose form, B the
base and SHB the intermediate complex, in which a hydrogen bonding
between SH and B might be assumed. The fact that a slight drop
of pH value is observed by the dissolution of sugar into the
buffer solution is in favor of the supposed mechanism.
BACK~"ARD REACTION
The backward or ring closing rate constants, k_l and k_ 2 ,
are not a linear function of the concentration of buffer salts.
The amount of the intermediate y-form calculated by use of these
rate constants, depends on both kinds and concentrations of buffer
salts (see e.g. Table IV-I). The experimental results of the
activation energy for the mutarotation reaction also suggest the
possibility to suppose a reaction mechanism involving several





































































                                   H
YB are two of the intermedÅ}ate forms similar to ct-
 B-pyranose in conformation, but have acyclic structures
and HBYa and HByB are the forrns in whtch HB is hydrogen-
C-1 oxygen of yct and yB, respectively. Here, it is
 four intermediate forrns, ya, yB, HBYa, and HBYB, lie in
                    -S9-
a partial vaquilibrium witth each other; the equilibrium eeRstants are
defiRed by .;' $fcx ew Åq\G)!(ya), 2fB,ltr, = (hlB\ct)!Åq}IBy3), Ku = (HBYo,)l(}{B)
(Y.k), and -;': -- (HByBÅrf(HB)(yB)•
     The expre$sÅ}on for tha velocity of thi$ reaction mechanisrn is:
    V-.a = k.ba (B) Åq-B\a ) nv k.. ut 1Åqa (B) (HB) ("Yg )
                      ft X ÅqKBÅr(B)
           . -or ct
           `--1 = (1 + j(B/orXl + Kc (HB)) (4 '- 2)
    V-3 = 'L B, (B) (HBY3) xe k- BKB (B) (HB) (YB)
                 .--nv--:kLse-L:i:==K(HB)(B)
           k-2 = (i+ YKB!.)(i -F iis(HB))' (4-3)
Where L;i6t/u, = kB/or(i•e• ffex = XBÅr is a$surned. By "sing tke eotal
coRceRtratlon of the buffer componRntt$, defined by tC = (HB) + (B),
and the ratie, defSned by 77 nv (HBÅr/(B), Åíq.(4-2) ca" be revxiÅíteR
a$:
          C. a -t. sgÅr 2 "F KB/ct + Åqk + N)2 1+ ZGfct i -iL (4-4)
         k.1 pu.-or sV k-a KctC
then tka vallie ef Clk-.i Ss ploÅíted agains: 1!C at 3 giveR iV value,
a straight line will be obtained: the siope of this line is (l+ff)2
/Xs', (1+X$lctÅr/k-.or l/Z, aRd the intercept oR the C!k-l axi$ is (X+rv)
(1+i:' 31c)fk-ct• Xf wa assume that the vaiue of ii.e!ct ts abaut the sainva
vkh tke value "f the equilibrium ratio of E--pyranose to ct-pyrano$e,
                            from the valttes of this siope andv:e can calculate K and k
                         -ua
S=:ercept. A siinilar equation to Eq.(4-") ean also be obtained frorn
Eq.(4--3) and we can caleulate KB and k..Blilcewise. Flg.ZV-1 shews the
              against 11C for D-xy!ose in aT monia and phosphate bufferplat of C!k
           -l
soiutions. The vaixxe$ of k..ct, k-B, aftgKor and K B abtaSRad freat these
plots are shown in Table•XV--2 togather with k", and kB, which have
been ebtained in Chapter UX(Table X!!'`5)• SimUar plot for g--glucese
                                 -6e-
in a phosphate buffer solution is shown Å}n Fig.IV-2, for which data
are taken from Fonds and Los's report.S2) The values of the rate
constants and equilibrium constants obtained by the same way are
also shown in Table IV-2. The " values are in the same order with
                                 a
the UE values in each case. Thus, the initial assumption that
Kot! X.,: is approximately satisfied. The forward rate eonstants,
kcti and kG,, for D-xylose are larger than those for D-glucose, while
the backward rate constants, k-ct and k-B, obtained for D-xylose
are smaller than those for D-glucose• The result that Ua and KB
in phosphate buffer are larger than Y.or and kB in aimnonia buffer,
respectively, for D-xylose is understandable because the acid
component of phosphate buffer has the stronger acidity than that of
ammonta buffer.
     The equilibrium ratio, .?, of the total concentratton (y) of the
interrnediate forms (defined by (y) = (yc,) + (yB) + (HByor) + (HBYB))
to the concentration of pyranose form can be ealeulated according
to the following equation:
                                                  -B
                     -a
                                   +
         kaT(1+KBIct) (1+1/Kct (HB)) kB, (1+11KBIa) (1+11Ke (HB))
                                                             (4--S)
The values of R calculated by use of Eq.(4-S) with k's and K's
as given in Table IV-2, are shown in Table IV-1 for the compartson.
The downward trend of R with increasing buffer coneentration is
reasonably explained.
     If the proposed mechanism is valid, the equilibrÅ}um constant,
K = (B-pyranese)/(ct•-pyranose) should be given by
         kcti k-B (1+KBI.) KB (1+Kct(HB))
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FiR.IV•-2 Plet of Cllc-i agatnst 1/C for D-glucose in phosphate
         buffer.
The value of K were calculated to be 2.0Å}O.5 for D-xylose in the
range of O.03 to O.10M phosphate buffers (pH 6.6) and O.OS to
O.25M ammonia buffers (pH 8.6) and 1.6Å}O.2 for D-glucose in the
range of O.07 to O.25M phosphate buffers (pH 6.9). Namely the
values of J( are practically independent of pH and buffer concentra-
tions. These results are reasonably in agreement with the experi-
mental results.
     rn conclusion, it may be stated that the experimental results
for the backward reaction obtatned in the present studies can
reasonably explained by the mechanism (II) mentioned above.
However, at present it is difficult to harTnonize stoiehiometrically
the backward reaction mechanism (II) with the forward reaction
meehanism (I). Further studies are wanted.
--
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     The wtechanism of the aeid-basa catalyzect rnutarotatien of mono-
saccharides was discu$sed on the basis of the experimentai Tesults
obtained in Chapter iZ and Chapter III. A prebable meehantsg; is
proposed, in which fotir reactiott iRÅíeruediates are a$$umed.
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CE,APTER V. PCLAROGRAPHIC STUDY OF MObl,OSACCHAPIDES IN
UNBUFFERED SCLUTIeN AND ITS APPLICATION TO THE
DETERtllNATICN OF MUTAROTATION RATE COblSTANTS
     Little attention has been paid to the polarographic behavior
of monosaccharides in unbuffered solution. As noted briefly in
Chapter III, the author has found that in unbuffered solutions the
polarographie vave of monosaccharide gave a large lirniting current,
which seemed to be an autoeatalytic current. This chapter is eoneern-
ed with the elucidation of the characteristic behavtor of the
polarographia wave of monosaeeharide in unbuffered media. An
application of the wave to the determination of the mutarotation
rate constants of momosaccharide is also described in this chapter.
                             EXPERIMENTAL
     ::aterials P.eagent-grade D-glucose, D-galactose, and D-xylose
                                                    25were obtained eommercially. Pure ct-D-glucose ( [a]
                                                    = +112År
                                                    D
was a gift from Tokai Togyo Co.Ltd. Pure ct-D-galactose and a-D-xylose
were prepared by recrystallization from hot ethanol and water
            46)
                         25
                                                                25
                 (or-D-galactose: [a]
                       = +ISO, ct-D-xylose: [•i]respectively
                                     DD
+94). Reagent grade potassuirn chloride and tetraethylammonium-
chloride (TEAI) used as supporting eleetrolytes were obtained
commereially. The latter was used after recrystallization from
methanol.
     Apparatus Polarograms were recorded with a Yanagtmoto
PE21-TB2S polarograph connected with a Yokokawa 3077 X-Y recorder.
Polarimetry was carried out with a Yanagimoto porarÅ}meter OR-20.
     The measurements were made with an 1:-type cell. A saturated
calomel electrode (SCE) was used as referenee electrode. !n order
to minimize an accumulation of hydroxyl ion in the close neighbour-
                                -6S-
hood of the electrode, which could be caused by unsufficient stirring
of the neighbouring solution after the detachment of the individual
mercury drops, a pencil-sharpened capillary (tip outside-diameter
1 mm) was used. The capillary charateristics of the dropping mercury
electrode measured in 0.1 M potassium chloride (open circuit) at a
-1
mercury reservoir height of 52.5 cm were m = 1.306 mg sec and
o 0
T = 5.65 sec. All experiments were carried out at 25 ±D.05 C. The
procedure for the measurement of the polarographic current is the
same as described in Chapter II.
H'EORY
Limiting current As described in Chapter II, the strictly





~l nFq~(klCa + kZCS)




~here C is the diffusion coefficient of monosaccharide, C and Co
s a. ~
the bulk concentration of 0.- and e-pyranose, respectively. The
rate constants k i (i = 1, 2, -1, and -2) of Io.(5-l) depend on the
concentrations (activities) of acid and base catalysts.




(i = 1, 2, -1, and -Z)
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(5-4)
where k. represents the catalytic constant of water, ~. Hand
~, w . ~,
k the catalytic coefficients of the catalysts indicated byi,OI-!
subscripts, and the symbols in brackets the concentrations (activities)
+ -
of the catalysts, E and OR being hydrogen ion and hydroxyl ion,
respectively.
In the reaction layer the solution is basic because of the
production of hydroxyl ions by the electro-reduction of monosaccharide
at the electrode surface. For example, a rough estimation shows
pI-! is 9.8 at the electrode when O.006M D-xylose solution is reduced
at d.m.e. in unbuffered solution. The catalytic effect of hydrogen
ion may be neglected in such a basic solution. The first term on
the right-hand side of Eq. (5-4), k. may also be negligible in
~,w
comparison with the third term. Accordingly, the rate constants, k i
(i=l,2,-l, and -2), in the reaction layer are eventually expressed,
in the first approximation, by
(5-5)
- 0
where (OR) represents the mean concentration of hydroxyl ions at
the electrode surface, which may be assumed to be approximately
constant throughout the reaction layer because of the thinness of
the layer.
Since hydroxyl ions diffuse into the solution and the
concentration of hydroxyl ion is practically zero in the bulk
solution, the limiting current of monosaccharide is related to the
concentration of hydroxyl ions at the electrode surface, with the aid
of the Ilkovic equation: 48 ) ie.
"1..1
- - 0KOH(OH ) (5-6)
where KOH is the Ilkovic constant for hydroxyl ion.




where K is Ilkovic constant for the hvpothetical diffusion current
s (- I' 1/2- ) d' ff .of monosaccharide with n=2 Ks=2CDs DOH) KOH ' DOH the ~ uS10n co-
efficient of hydroxyl ion. For the solution of the equilibrated mixture
of monosaccharide, Eq.(5-7) is reduced to
... - 1/2 2 2~l = 1.322K (D IDOH ) l(kl OH+ k? ORK) (C +C ) xs s , _, - u, eq e, eq
(5-7')
where C and Co are the equilibrium concentrations of u- and
u.eq >::,eq
B-pyranose, respectively; and K is the equilibrium constant defined
by K = CO IC • The sum C + CB is equal to the total~,eq u,eq u.eq ,eq
concentration of monosaccharide because the concentration of the
intermediate y-form is negligibly small.
Electrode reaction, conceptionally, of the same mechanism as
that described above was previously proposed for the electro-
reduction of formaldehyde in unbuffered solution by Brdicka 48 ) and
a mathematically rigouous solution of the process has been given by
Koutecky.55) According to Koutecky's result, the numerical co-
efficient of Eq.(5-7') 1.322, should be replaced by 0.966.
Current Potential Curve Since the electroactive intermediate
y-form is formed from a- and 8-pyranose, the current at any point of
the kinetic wave of monosaccharide can be given by
(5-8)
c o COd C 0 h fwhere , 8 an represent t e mean concentration 0 a-, 8- and
a y
y-form in the reaction layer, respectively. Provided that the limit-
ing current has a strictly kinetic character as given by Eq.(S-2),
-68-
 there is no significant depletion of cr- and B-pyranose in the
 reactien layer. Then substitution of Eq.(5-2) in Eq,(S-8) Rtves:
      i= il - nFqu- (k-1 + k-2)CyO (s-si)
     Based on the theory of slow dtscharge, the current intensity
 can be given by
     T' = nFak.lexp((-a.n.F!RT)(E-E.))CyO, (5-9)
where kel represents the standard rate constant at the standard
potential b'" o, orana the product of the transfer coefficient and the
number of eiectrons in the discharge process.
     In unbuffered solutions the current intensity can also be
related to the concentration of hydroxyl ion at the electrode surface
by Eq.(5-6')
Substituting the appropriate values from Eqs. (5-S), (5-6') and
(S-9) into Eq(5-8'), we obtain after rearrangement
     E " Eo ' .R.:.P.F i"[(D,(k.iigliii'8ili:i)ii2] ' .f.T.Fi"[T;il2]
                                                      (S-10)
here it is assumed that Eq.(S-S) is valid in this case.
                   RESULTS AND DISCUSSION
     Experiments were carried out for several monosaceharides
(D-glucose, D-galactose and D-xylose) in unbuffered solution of O.IM
potassium chloride.
     Curve A in Fig.V-1 shows an 'example of the polarographic wave





-1.5 - 2.0 Volt
Fig.V-l Polarograms of 0.06 M o-xylose in 0.1 M potassium




of D-xylose in unbuffered neutral solution. This wave is very
large in comparison with the wave of D-xylose of the same concentra-
tion (Curve B in Fig.V-1) in the buffered solution of O.2M aTnTnonia
at pH 8.59. Similar large waves were observed for all other
monosaccharides studied. The value of IllT' d is shown in Table V-1,
=zd being the hypothetieal dtffusion current for monosaccharide. The
                 trlirniting current tl Å}s still small enough to be considered as
strictly kinetic-eontrolled in the concentration ranges studied.
Accordingly, the use of Eq.(S-2) in deriving the theoretieal
equations is justified.
     It is expected from Eq.(5-7') that T'1 is approxii[vately pro-
              2/3 7/6portional to M T . Sinee m. is proportional to the height of the
rnercury reservior, h and T is inversely proportional to h, i;' 1 is
eventuany proportional to h-'1/2. Experimental results (Table v-l)
          .show that zl decreaseS with the inerease in the height of the mercury
                                               -1/2reservior and is approxÅ}mately proportional to h .
                                              .TABLE V--1. DEPENDENCE OF TEE LIMITING CURRENT, t
                                                 ON THE
                                               1'
                                       .e
                                            25
  HEIGHT OF MERCURY RESERVOIR, ".AT   C
D-glu. (6OrnM)
 h(cm) T' 1 i• 1(hl12)
      (cm)
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      FiR. V-2 shows the plot of t'1 against the square of the mono-
 saccharide concentration, (cct+ce)2. In accordance with the theore-
 tical consideration, all the data in Fig.V-2 are distributed along
 a straight line; but at higher concentrations of monosaccharÅ}des
                                                                   '
 the data deviate downward from the line. Similar deviation of the
 data from linearity has also been observed for the liiniting eurrent
 of formaldehyde in unbuffered solution by Brdicka,48) who attributed
 the deviation to the streaming of the solution in the neighbourhood
 of the electrode.
      The concentration of the hydroxyl ions in the reaction layer,
 (OH'-)O, can be calculated with the aid of the Ilkovie equation (S-6).
 Even at the lowest concentration studied (O.04M D-xylose), Tl
 reached O.23 uA. Thus, (OH')O may be estimated as 3.6xlO-S M or
 more, where DoH = s.23xio-5cm2sec-i was used.56) rn view of the
:u.:e;.i:gi :aly;.s,sg .tEr,:E:,c::.stg."[:l,2;.g'.i},•:,=.i'::l2i3;:;se;-i.
 considered to be of secondary signifieance in the experimentai
 conditions empioyed in this study. Namely, the use of Eq.(5-5) in
plaee of Eq.(5-4) is justified for the present purpose.
     The mean thickness of the reaction layer v- which is now given
bY fi = (Dxy/(k-1,oH(OH-)O+k-2,oH(OH-)O))112, is calculated to be
9•3xlo-4
 cm when (oH-)O = 3.6xlo-SM. Dxy = 6.71xlo-6 cm2 see-1,
k.-1,oH = 8•4xl04M -1 sec-1, and k-2,oH = n.sxlo4M-lsec-l. zrhe numerical
values of the rate coefficients used here were those obtained in the
present study (see Table V-3). The magnitude of il is less than one
twentieth of the thickness of the mean diffusion layer for hydroxyl
                -2ion, (6 or 2.3xlO cm), which ts an acceptable result. Similar
arguments can also be applied to D-glucose and D-galactose.
     Fig.v--3 shows a plot of log[(i'1 - T')/t=3/2] against E, The
experimental points lie on a straight line, as expected from Eq.(5-10)
with a reeiprocal slope value of 2.303RT/oranaF N 100 mV per log unit•
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     The general solution of the current potential curve of the
                                                              57)kinetic wave in buffered solutions has been g.iven by Koutecky.
Rewrtting his result for the present case, that is, for the current-
potential curve of monosaccharide in buffered solutions, we obtain
     E = Eo + oralaTF 1"[kel(Ds(k-l+k'2))-1!2] + ct.Rn.TF ln[t'1 ir t+](5'-11)
Fig.V-4 shows a plot of log[(z" 1 - z')/t-'] vs. E for the polarographic
current of monosaccharides in buffered solution of pH 8.56. As
expected from Eq.(S-11), a straight line was obtained. The value of
the slope 2.303ftTlctanaF was again ea. 100 mV; this result is a
reasonable one provided that the discharge process of rnonosaccharides
is identieal both in buffered and in unbuffered solutions.
 '
     From Eq.(5-10), we obtain
     El/2 ' Eo + .i.T.F 1"[z/sg-Elliil)iD (klll,(iOH+H2iloH)) ]- .l.T.F 1"[ ;21]l12
                                                             (5-12)
for the half-wave potential of the polarographic wave in unbuffered
solutions. Fig.v-5 shows the plot of log T' 1 against El12- As
expected from Eq.(5-12), the data are distributed along a straight
line with a reeiprocal slope of 2.303RT!2ctanaF - -SO rnV. The result
that the values of ct n are nearly identical for all monosaccharides
                     aainvestigated (Fig.V-3 and V-4) suggests the sÅ}milarity of the dis'-
eharge process for these monosacchartdes,
      !n conclusion, the current-potential relationship of monosaccha-
ride is fairly well reproduced by Eq•(S-IO). It is to be noted here
that in deriving Eq.(5-10), kel is assumed to be independent of the
concentrations of aeid and/or base at the electrode surface.
However, there Å}s a reason to believe that the discharge process
 itself should depend on the concentrations of acÅ}d andlor base.
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Fig.V-3 p!ot of log[(T' 1 - i')! 7'3/2] against E for the pozarogra•-
phic current of D-xylose (8 mM) A, D-glucose (40mM) B,
D-galactese (12mM) C in O.IM potassium chloride solution








Eig.V-4 Plot of log[(i' 1 - 5')1 I'] against E for the
current of D-xylose (66mM) in O.IM ammonia
pH 8.S6 and of ionic strength O.5 at temp.
Reeiprocal slope of the solid !ines : 100
polarographic
 buffer of
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     Irhen TEAI was used as a supporting electrolyte, the half-wave
potential of the monosaccharide appeared in more negatice potential
than in KCI solution. The reciproeal slope of the plot of log[(z' itr)
1?3!2] against E became 2oo mv or even greater. A simiiar effect has
aiso been observed23'24) when tetramethyl-ammonium phosphate was used
as the supporting electrolyte. This effect may be attributed to the
adsorption of the quartanary ammonium cation on the electrode
surface,56) which resuits in the retardation of the eiectro-reduetion
of monosaccharides.
     DETERMINATION OF THE MUTAROTATION RATE CONSTANT
     t:Then a weighed amount of a monosaccharide in pure cr-pyranose
form was dissolved in O.IM potassium chloride, the lirniting current
decreased with time and reached a constant value corresponding to
the value for the equilÅ}brated mixture of the monosaccharide. This
behavior is very much similar to that in buffered solutions and the
mutarotaion rate constants may be obtained by analyzing the limitimg
current with the aid of Eq.(S-7) as a function of time.
     I-inen we start from or-pyranose, the ehange of concentrations of
                                                 8)
ct- and B-pyranose with time is given as follows:
     Cct = Ca,eq( 1 + K eXP(-k'o,wt) )
     Cct =CB,eq(1- eXP(-ko,.t) ), (5-13)
where k is the overall mutarotation rate constant of water and
       o)wis defined by four individual rate constants as follows:
     k . (kl,wk-2,w+k-1,wk2,w) (s-14)
      o,w (k                               )        +k
                           -2,w-1,w
Substitution of Eq,(S-13) into Eq.(5-7) yields:
                                  -78-
t' 1 (t)112= (O•966 K- , (D, !DoH)112T)
         [(k
                 + lk
                )+
            1,OH
         2,OH
       x
112
K(k
(c +c              )x
  ct ,eq B,eq
             -k ti,oH - k2,oH)e
               o,w ] (5-IS)
                      (k•-i,oH + k-2,oH)i12(i +n
 Subtraction of the expression corresponding with Eq.(S-15) at tiTne
 t + At and taking logarithns leads to the result
 ln(il(t)112-il(t+At)112) = ln[(O•966-rc,(D,IDoH)1/2T)1/2(C.,.q+CB,.q) x
        K(kl, oH-k2 ,oH) (1-' e-ke ,wAt)
      X (k.i,oH+k-2,oH)i/2a+K) ]- ko,wt (s-i6)
igOl,tg'":.l,Ogiig,`']t,!S-.gkii•:",gglil,'.Xl8h,l•3".Sga:I.:t,,:2',l•A.a;:•:idi"g
siope tko,., and intercept = in[(o.g66zs(Ds/poH)i12T)i12K x
X (k1,oH-k2,oH)(Cct,eq+CB,eq)(1-eXP(-k.,.At))]![(1+K)(k-1,oH+k-.2,oH)112]
                                                            (5-17)
At t"n,, Eq.(S-15) is reduced to
T' 1(t-'oo)1/2 = (O•966K-
,(D.!DoH)1!2T)112 x
          . (Ca,eq+CB,eq)(kz,oH+k2,oH)
                                                           (5-18)
             (k-i , oH+k-2 , oH )i12 a+i( )
Namely, the overall catalytie rate constant, k is deterrained from
                                             o pwthe slope of the Guggenheim plot. Iurther-more, if the overall
catalytic rate coefficient of hydroxyl ion, ko,oH and the equilt-
brium eonstant, K, are known, Eqs.(S-17) and (S-18) in combination
with the following two equations
--
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ko,oH = (ki,o"k-2,eH + k-i,oHk' 2,oH)/(k-i,oH + k.2,oH) (5'i9)
`K'  -- CB,e(7/Cct,eq = ki,oHk-2,oH/k-i,oHk2,oH ' (5'20)
can be solved with respect to four individual rate coefficients,
kl,oH, k2,oH, k-1,oH, and k-2,oH•
     An examp!e of the Guggenheim plet aceording to eq.(5-16) is
shown in Fig.V-6. The values of ko,w determined by the present
rnethod are given in the seeond eolumn of Table V-2. The results
in good aceordance with those obtained by the polarimetric rnethod
(the third colurnn in Table V-2).
     TABLE V-2. TF.E OVERALL !fUTAROTATIO}; RATE CONSTANr
                                     o
     k , IN O.1M KCI SOLUT!ON AT 25 C
      o,w
are
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         ol
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                                           -6 2 -1gxlo M-lsec-1 (D-glucose)16), Dxy = 6•7xlO cm sec , Dglu =
6.6sxlo-6eTp.2sec-'1,4S) Kxy = 1.s7 and Kgl. = 1.7414) being used• The
forward rate coefficients, k                                 and k
                         for D-xylose are in fair
                                       2,OH'1,OH
agreement with those obtained from the analysis of the polarographic
currents in buffered media (see Table III-S). The ratio of the
concentration of the intermediate Y--form, C
                                                 to that f or- and
                                       -I Y,eq -2B-pyranose form, Cor,eq+CB,eq, was 3xlO Z for D-xylose and 4xlO %
for D-glucose. These results are also in the same order as those
obtalned from the experiments in basic buffer solutions (see Table
II-3).
                             survlrvlARy
     The polarographic behavior of monosaccharides in unbuffered
neutral solution was investigated. The limiting current of mono-
saccharides in unbuffered solution was ascertained to be an auto-
catalytic eurrent which could be eaused by the produetion of
hydroxyl ion at the electrode surface. The equation for the shape
of the eurrent-potential curve as well as the eauatton for the
limiting current was derived by use of the reaction layer concept.
Experimental results for several rnonosaceharide$ (D-glucose,
D-galactose, and D-xylose) were fairly well expressed by these equa--
tions. The wave can also be applied to the determination of the
mutarotation rate constants of monosaecharides. The values of the
mutarotation rate constants detetuined by this method were in fair
agreement with those obtained by the polarimetric method.
•- 82-
CONCLUSION
In this study the polarographic behavior of monosaccharides
in aqueous solutions was investigated with intent to shed light
on the kinetics of the mutarotation reaction.
First, the polarographic behavior of a-B-equilibrated mixture
of o-glucose, o-galactose, and D-xylose were studied in an ammonia
buffer solution. Hydrolysis, carbonyl amino reaction, or any other
complicated reactions of these monosaccharides did not occur under
o
the conditions used in the present experiment (pH<9.5, Temp. 25 C).
The dependence of the limiting current on the concentration of mono-
saccharides, temperature, the height of mercury reservoir, the pH,
and the concentration of buffer components was investigated. The
polarographic limiting current had a kinetic character, but it was
inclined to increase slightly with increasing height of the mercury
reservoir. The limiting current depended on the concentration of Lhe
buffer component as well as the pH of the experimental solution.
These results suggest that the equilibrium concentration of the
reducible intermediate given by the reaction scheme (pyranose ~
y-form (reducible intermediate)) is very small in comparison with the
concentration of pyranose form; and the velocity of the reaction
is catalyzed by the buffer components as well as hydroxyl ions.
The controlled-potential electrolysis of the monosaccharides and
papaer-chromatography of electrolyzed products revealed that
o-glucose, D-galactose, and D-xylose are reduced to sorbitol,






By the use of
Wiesner's equations. relating the kinetic current with
k
rate constants of the equation; a-pyranose 1 y-form
k_1B-pyranose were modified so that the equations can be
the case of the smaller values of the rate constants.
these modified equations, the individual and overall rate constants
-83-
were determined for several monosaccharides in neutral phosphate and
basic ammonia buffer solutions. The ratio of the concentration of
the intermediate y-form to the concentration of the pyranose form
was calculated. The value of this ratio depended on both kinds and
concentrations of the buffer salts. The ratio in ammonia buffer was
about 10 times larger than that in phosphate buffer; and it decreased
with increasing concentration of buffer salts.
The rate constants of the mutarotation of a-n-xylose were
determined in various buffer solutions. The overall and the forward
rate constants were analyzed as a linear function of the buffer
concentration. It was revealed that the catalytic effects of the
buffer salts are mainly due to their basic components for all the
buffer salts investigated. The Bronsted plots of kl and k 2 for all
the basic components gave straight lines with the same slope of 0.42.
The rate constants for several amines deviated from the slope; this
deviation was ascribed to the steric hidrance caused by the large
molecular sizes.
The activation free energies, enthalpies, and entropies of the
mutarotation of a-o-xylose in a neutral phosphate buffer solution
were determined. Experimental results suggest a reaction mechanism
containing several acyclic intermediates for the mutarotatio of
o-xylose.
The mechanism of the acid-base catalyzed mutarotation of mono-
saccharide was discussed on the basis of the above experimental
results. A probable mechanism is proposed, in which four inter-
mediates are assumed.
The polarographic behavior of monosaccharides in unbuffered
aqueous solution was investigated. The limiting current was
ascertained to be an autocatalytic current which could be caused by
the production of hydroxyl ion at the electrode surface. Equations
for the shape of the current-potential curve and for the limiting
current were derived by use of the reaction layer concept.
-84-
Experimental results for several monosaccharides were fairly well
expressed by these equations. The wave was successfully applied to
determine the mutarotation rate constants of monosaccharides.
The values of the mutarotation rate constants determined by this
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